This study has tested an infrared radiation surgical gown (IRSG) and a carbon nanofiber thermal pad (CNTP) (F = 42.820, p<.001) to 30 minutes after (F = 51.966, p<.001). Also the IRSG group and the CNTP group showed significantly low subjective thermal discomfort at 15 minutes after entering the recovery room (F = 6.737, p = .002). The study has confirmed that IRSG and CNTP applied to spinal surgery patients are effective in preventing hypothermia and reducing thermal discomfort during and after surgery. Warming therapy must be provided to patients undergoing spinal surgery under general anesthesia, and hopefully, IRSG and CNTP will be used as an independent nursing intervention.
Introduction
Patients undergoing surgery under general anesthesia have difficulty maintaining their body temperature due to anesthetics. This hinders adequate responses to surgery-related physical and environmental factors [1, 2] , causing hypothermia, a drop in body temperature to 35℃ or lower [3] . Fortunately though, an earlier study has found that the application of warming therapy before surgery is effective in maintaining normal body temperatures during and after surgery [4] . In particular, preoperative warming therapy prevents decreases in core temperature at the early stage of surgery [5, 6] , and active warming therapy provided an hour before surgery prevented hypothermia even during and after surgery [5] . Most Korean hospitals, however, use passive warming therapy during and after surgery [7] . Also, it's not easy to provide an active warming intervention that is applied to patients an hour before surgery [4] .
What is recommended as an effective warming therapy currently is a forced-air warming device. A forced-air warming blanket generates convective currents to circulate warm air and it covers wide areas of body surface. Since warm air delivers heat to the entire body surface, the blanket has lasting warming effects and results in temperature hikes. It has downsides, however. Since the device delivers heat by increasing the temperature of the air, it takes time to deliver the heat to the body surface. In addition, the device is complex to use, costly to purchase and for one-time use only, so it is not costeffective [8] [9] [10] . Most importantly, it is not easy to apply this device effectively to spinal surgery patients who have a large part of their body surface exposed since they are put on a special operating table that has holes in its lower part to expose surgical sites. In particular, since spinal surgery needs a prone position, the device is applied only to the scapular areas. This means that spinal surgery patients have difficulty maintaining their normal temperature despite the use of a forced-air warming device because the body surface area to which the device delivers heat is not big enough [11] . Therefore, the development of warming therapies appropriate to spinal surgery patients is required in order to provide nursing intervention that helps them maintain their normal temperature.
Recently, studies are being carried out in various areas to utilize heat efficiently in maintaining body temperature. Some of the leading examples are the study on carbon nanofiber that helps to manage heat efficiently by increasing the contact with the heatgenerating material and the study on Far-Infrared Ray that helps to promote blood circulation to increase body temperature [12, 13] . However, such new warming therapies are rarely used as practical nursing interventions. This study has applied an infrared radiation surgical gown (IRSG) and a carbon nanofiber thermal pad (CNTP) to verify the potential of the new warming therapies for the prevention of hypothermia.
Methods

Research Design
The study is a quasi-experimental research study using the non-equivalent control group pretest-posttest design.
Subject
The study period was from July 14 to November 30, 2014, and subjects were an IRSG group of 28 patients, a CNTP group of 30 patients and a control group of 28 patients who were admitted to E university hospital in D city to have spinal surgery (IRB No. EMC 2014-05-020-001).
The experimental treatments, IRSG and CNTP, were applied to the relevant groups of patients from the time of being transferred to an operating room to the time of returning to a ward. Patients in the IRSG group wore infrared radiation surgical gowns instead of ordinary surgical gowns. For patients in the CNTP group, a carbon nanofiber warming pad was applied to the head and neck, the abdomen, and the upper and lower extremities. A patient without problems in taking tympanic temperature ⑨ A patient who understands the purposes of the study and gives his or her informed consent before taking part in the study.
Procedure
1) Experimental Treatment
The following experimental treatments were applied to experimental group I (the IRSG group), experimental group II (the CNTP group), and the control group.
(1) Experimental Group I (IRSG)
IRSG Application Period: From the time of being transferred from a ward to an operating room to the time of returning to the ward including the perioperative phases. ① To apply the skin warming intervention to as large a body surface area as possible, the subjects wore IRSG (top and bottom).
②
The IRSG is an infrared radiation-applied surgical gown whose shape and body surface covering are the same as ordinary surgical gowns for spinal surgery patients. ③ Subjects changed into IRSG before being transferred to an operating room. ④ Tympanic temperature and subjective thermal discomfort of the subjects were measured right after entering an operating room. ⑤ Esophageal temperature of the subjects was taken every 15 minutes from the time of endotracheal tube insert to the time of its removal. ⑥ Subjective thermal discomfort was measured right before leaving an operating room after anesthesia ended. ⑦ Tympanic temperature and subjective thermal discomfort of the subjects were measured at 5 minute intervals during the 30-minute stay in the recovery room from the time of entering the recovery room to the time of leaving it. ⑧ After leaving the recovery room, the subjects continued wearing IRSG up until they returned to their wards.
(2) Experimental Group II (CNTP) CNTP Application Period: From the time of being transferred from a ward to an operating room to the time of returning to the ward including the perioperative phases. ① To apply the skin warming intervention to as large body surface areas as possible, CNTPs are put on surgery beds and patient transfer trolleys to warm a patient's head and neck, abdomen, and upper and lower extremities. ② The CNTP is a specially designed pad whose internal heating wires are not detected by a C-arm during surgery. ③ To warm the CNTP before applying them to subjects, their temperature was set to 40℃ for 15 minutes before application.
④
Transfer trolleys with CNTP installed were used to transport the subjects to the operating rooms. ⑤ Tympanic temperature and subjective thermal discomfort of the subjects were measured right after the entrance into the operating room. ⑥ CNTPs were applied on surgery beds from the time of anesthesia induction to the time of end of surgery, and esophageal temperature was taken during the period every 15 minutes. ⑦ Subjective thermal discomfort was measured right before leaving the operating room after anesthesia ended. ⑧ When subjects were transferred from an operating room to a recovery room, CNTPs were applied to the patient transfer trolleys and during the stay in the recovery room. ⑨ Tympanic temperature and subjective thermal discomfort of the subjects were measured at 5 minute intervals during the 30-minute stay in the recovery room from the time of entering the recovery room to the time of leaving it. ⑩ Subjects were transferred to their wards on CNTP-applied patient transfer trolleys.
(3) Control Group
The interventions applied to experimental groups I and II above were not applied to this group.
Measurements
Temperature Changes:
Temperatures were taken by inserting an esophageal temperature probe to a mid-esophageal site during surgery, and changes of the temperature were monitored on a monitoring system produced by Hewlett Packard (HP Viridia, M1167A, USA). To monitor temperature changes after surgery, core temperature was taken in the recovery room using a tympanic thermometer (IRT3020, Themoscan, BROUN, Germany).
Subjective Thermal Discomfort:
Subjective thermal discomfort was measured using the 0-5 scale VAS (Visual Analogue Scale).
Data Analysis:
The collected data were analyzed using PASW Statistics 20.0. χ²-test and ANOVA were used to test homogeneity among three groups, and ANCOVA was used to measure temperature changes and subjective thermal discomfort in order to verify the effectiveness of the experimental treatments.
Results
Test of Homogeneity between Experimental and Control Groups
The results of the homogeneity test for general characteristics and surgery-related characteristics of the subjects who underwent spinal surgery under general anesthesia are as shown in (Table 1 ) and ( Table 2) .
The homogeneity test for general characteristics (gender, surgery experience, cold discomfort, thyroid disease, anesthesia classification, weight, height, and tympanic temperature taken in a ward) carried out before the experiment showed homogeneity among the three groups with no statistically significant difference found (Table 1) . recovery room) showed homogeneity among the three groups with no statistically significant difference found (Table 2) . Table 3 below shows the results of the analysis of differences among three groups in esophageal temperatures taken during surgery from the time of the endotracheal tube insert to the time of its removal. The esophageal temperatures of the subjects in the IRSG group were significantly higher than those of the control group 60 minutes after tube insert (F = 4.388, p = .015). From 75 minutes after tube insert (F = 8.142, p = .001) to the time of its removal (F = 36.825, p<.001), esophageal temperatures in the IRSG group and the CNTP group were significantly higher than in the control group (Table 3 ) [15] . This is consistent with the results of an earlier study that compared a carbon heating warming therapy group, a forced-air warming therapy group and a control group during laparoscopic colectomy [16] . According to this earlier study, if patients receive warming therapy for 30 minutes before anesthesia, the body temperature of the carbon heating Table 4 shows the differences in tympanic temperature between the three groups (IRSG, CNTP and control groups) after surgery in the recovery room.
Differences in Esophageal Temperature between Warming Therapies during Surgery
The three groups had significantly high tympanic temperatures with the CNTP group showing the highest temperatures followed by the IRSG and control groups from the time of entering the recovery room (F = 42.820, p<.001) to 30 minutes after (F = 51.966, p<.001) ( Table 4 ) [15] .
The higher temperature in the CNTP group in this study supports the results of another earlier study [17] . The study found that the application of a warming garment in which 36.8℃ water circulates to the patient's upper and lower extremities was effective in maintaining normal body temperature. 
Differences in Subjective Thermal Discomfort between Warm Therapies in a Recovery room after Surgery.
Differences in subjective thermal discomfort between the three groups (IRSG, CNTP and control group) in the recovery room after surgery are as shown below in Table 5 .
Compared to the control group, the subjective thermal discomfort of the IRSG group was significantly low 10 minutes after the entrance into the recovery room (F = 7.514,p = .001) and the IRSG group and the CNTP group showed significantly low subjective thermal discomfort 15 minutes after the entrance into the recovery room (F = 6.737, p = .002) (Table5).
These results were the same as the results of an earlier study [4] that revealed continuous warm therapy before and after surgery promotes body relaxation, lowering subjective thermal discomfort. Overall, however, the results of this study were partially consistent with the earlier study as there is no significant difference between the three groups from 20 minutes after the entrance into the recovery room to the time of ending the measurement. The reasons for this result seem to be the pain occurring during the recovery of consciousness and the temporary application of the forced-air warming device to patients in the control group whose body temperature went down to 36℃ or lower, to prevent complications. 
Difference between the Experimental Groups and the Control Group in the Application of the Forced-air warming during and after the Surgery
The difference between the experimental groups (the IRSG group and the CNTP group) and the control group in the application of the forced-air warming during and after surgery are as shown below in Table 6 .
The hypothesis that "there will be a difference between the experimental groups (the IRSG group and the CNTP group) and the control group in the application of the forced-air warming during and after surgery" was partially supported since meaningful difference in the application of the forced-air warming was found after the surgery (F = 22.344, p<.001). 
Conclusion
Spinal surgery uses a specially designed operating bed that has holes in its lower section to expose the surgical site of a patient lying in a prone position. Therefore, it is difficult to apply warming therapy on this operating bed to the patient's maximum body surface areas. In addition, the forced-air warming device, which is known to be the most effective warm therapy, can only be applied to the scapular areas [11] . This makes it difficult for patients to maintain normal body temperature since the area where heat is delivered is very limited. Warming therapy to prevent hypothermia is a prerequisite since spinal surgery lasts more than 2 to 3 hours [18] . Against this background, this study analyzed the effects of IRSG and CNTP on body temperature changes during and after surgery and subjective thermal discomfort in the recovery room by applying them to patients undergoing spinal surgery in a prone position under general anesthesia from the time of being transferred to an operating room to the time of returning to a recovery room.
The study has confirmed that IRSG and CNTP applied to spinal surgery patients are effective in preventing hypothermia and reducing thermal discomfort during and after surgery. Generally, patients experience a drastic drop in body temperature by 1-1.5℃ for an hour after being put under general anesthesia. But, the drop was about 0.3℃ in this study. What is particularly notable is that the patients in the CNTP group showed the highest body temperatures from 60 minutes after tracheal tube insertion to the time of leaving the recovery room. On the contrary, those in the control group left the recovery room with about a 1℃ drop in body temperature or with hypothermia. All this testifies that IRSG and CNTP warming therapies that can deliver heat to large parts of body surface areas are also effective in maintaining normal body temperatures, preventing hypothermia and increasing body temperature during and after surgery. Warming therapy must be provided to patients undergoing spinal surgery under general anesthesia, and hopefully, IRSG and CNTP will be used as independent nursing interventions [15] .
